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(54) Spread spectrum receiving apparatus 



(57) A receiving apparatus is disclosed which conn- 
prises: a receiving circuit for receiving a radio wave sig- 
nal including a pilot signal and data signal respectively 
spectrum-spread and converting the received radio 
wave signal in a base band signal; a Doppler frequency 
prediction portion for predicting a Doppler frequency 
due to a fading; a correlation detector including pilot sig- 
nal PN code generation circuit for detecting a correlation 
between the pilot signal in the base band signal and a 
pilot signal PN code from the pilot signal PN code gen- 



eration circuit every data length of the pilot signal: a cor- 
relation length changing portion for outputting a portion 
of the detected correlation with a length of the portion 
of the detected correlation varied in accordance with the 
Doppler frequency fronn the Doppler frequency predic- 
tion portion; and a dennodulator for dennodulating the 
base band signal to detect and output the data signal 
with a distortion of the data signal due to the fading com- 
pensated in accordance with the portion of the detected 
correlation. The length of the portion of the detected cor- 
relation is varied by a switch circuit or a weighting circu it. 
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Description 

This invention relates to a spread spectrunn receiv- 
ing apparatus for receiving a radio wave signal including 
spread spectrum data and a pilot signal 

A spread spectrum receiving apparatus for receiv- 
ing a radio wave signal including spread spectrum data 
and a pilot signal is known. In the CDMA method of cel- 
lular telephone system (IS-95) standardized in the North 
American area, a pilot signal which is not modulated by 
data is transmitted from a base station to a mobile sta- 
tion with the pilot signal multiplexed with a data signal. 
The mobile station uses the received pilot signal for 
compensating for distortion due to fading. Moreover, a 
correlation device for spread spectrum communication 
with the effect of reducing fading is disclosed in Japa- 
nese patent application provisional publication No. 
8-8780. 

The aim of the present invention is to provide an 
improved spread spectrum receiving apparatus. 

According to the present invention, a first receiving 
apparatus is provided, which comprises; a receiving cir- 
cuit for receiving a radio wave signal including a pilot 
signal and a data signal respectively spectrum-spread 
and converting the received radio wave signal into a 
base band signal: a Doppler frequency prediction por- 
tion for predicting a Doppler frequency due to a fading; 
a correlation detector for detecting a correlation with re- 
spect to the pilot signal in the base band signal every 
data length of the pilot signal; a correlation length chang- 
ing portion for outputting a portion of the detected cor- 
relation with a length of the portion of the detected cor- 
relation varied in accordance with the Doppler frequen- 
cy from the Doppler frequency prediction portion; and a 
demodulator for demodulating the base band signal to 
detect and output the data signal with a distortion of the 
data signal due to the fading compensated in accord- 
ance with the portion of the detected correlation. 

According to the present invention, a second receiv- 
ing apparatus is provided which comprises: a receiving 
circuit including an antenna for receiving a radio wave 
signal including a pilot signal and data signal respective- 
ly spectrum-spread and converting the received radio 
wave signal into a base band signal; a Doppler frequen- 
cy prediction portion for predicting a Doppler frequency 
due to a fading from the base band signal; a correlation 
detection portion for detecting a correlation with respect 
to the pilot signal in the base band signal every data 
length of the pilot signal; a fitter circuit for filtering the 
detected correlation by weighting the detected correla- 
tion in accordance with the Doppler frequency from the 
Doppler frequency prediction portion; and a demodula- 
tor for demodulating the base band signal to detect and 
output the data signal with a distortion of the data signal 
due to the fading compensated in accordance with the 
weighted correlation. 

According to the present invention, a third receiving 
apparatus is provided, which comprises: a receiving cir- 



cuit including an antenna for receiving a radio wave sig- 
nal including a pilot signal and a data signal respectively 
spectrum-spread and converting the received radio 
wave signal into a base band signal: a Doppler frequen- 

5 cy prediction portion for predicting a Doppler frequency 
due to fading to the radio wave signal from the base 
band signal: a first correlation detection portion includ- 
ing a pilot signal PN code generation portion for detect- 
ing a correlation between the pilot signal in the base 

10 band signal and a pilot signal PN code from the pilot 
signal PN code generation portion every data length of 
the pilot signal; a correlation length changing portion for 
outputting a portion of the detected correlation with a 
length of the portion of the detected correlation varied 

15 in accordance with the Doppler frequency from the Dop- 
pler frequency prediction portion; a second correlation 
detection portion including PN code generator for de- 
tecting a correlation between PN code included in the 
data signal and a PN code from the PN code generator; 

20 a fading compensation portion for compensating an out- 
put of the second correlation detection portion in accord- 
ance with an output of the correlation length changing 
portion: and a detection portion for detecting and out- 
putting the data signal from an output of the fading com- 

25 pensation portion. 

According to the present invention, a fourth receiv- 
ing apparatus is provided, which comprises: a receiving 
portion including an antenna for receiving a radio wave 
signal including a pilot signal and a data signal respec- 

30 tiveiy spectrum-spread and converting the received ra- 
dio wave signal into a base band signal; a Doppler fre- 
quency prediction portion for predicting a Doppler fre- 
quency due to fading from the base band signal; a first 
correlation detector including pilot signal PN code gen- 

35 eration portion for detecting a correlation between the 
pilot signal in the base band signal and a pilot signal PN 
code from the pilot signal PN code generation portion 
every data length of the pilot signal: a filtering circuit for 
filtering the detected correlation by weighting the detect- 

40 ed correlation in accordance with the Doppler frequency 
from the Doppler frequency prediction portion; a second 
correlation detection portion including PN code genera- 
tor for detecting a correlation between a PN code includ- 
ed in the data signal in the base band signal and a PN 

45 code from the PN code generator; a fading compensa- 
tion portion for compensating an output of the second 
correlation detection portion in accordance with an the 
weighted correlation; and a detection portion for detect- 
ing and outputting the data from an output of the fading 

50 compensation portion. 

In the first and third receiving apparatus, the length 
of the portion of the detected correlation is relatively 
short when the Doppler frequency from the Doppler fre- 
quency prediction portion is high. On the other hand, the 

55 length of the portion of the detected correlation is rela- 
tively long when the Dopplerfrequency from the Doppler 
frequency prediction portion is low. 

In the second and fourth receiving apparatus, the 
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detected correlation is weighted in accordance with the 
Doppler frequency from the Doppler frequency predic- 
tion portion such that a length of the portion of the de- 
tected correlation is made relatively when the Doppler 
frequency from the Doppler frequency prediction portion 
is high. On the other hand, when the Doppler frequency 
from the Doppler frequency prediction portion is low, the 
detected correlation is weighted in accordance with the 
Doppler frequency from the Doppler frequency predic- 
tion portion such that a length of the portion of the de- 
tected correlation is made relatively long. 

The features of the present invention will become 
more readily apparent from the following detailed de- 
scription of exemplary embodiments and the accompa- 
nying drawings, in which: 

Fig. 1 is a block diagram of a spread spectrum re- 
ceiving apparatus of a first embodiment; 
Fig. 2 is a block diagram of a correlation detector 
and a Doppler frequency prediction portion shown 
in Fig. 1 : 

Fig. 3 is a block diagram of a spread spectrum re- 
ceiving apparatus of a second embodiment; 
Fig. 4 is a block diagram of a correlation detector 
and a Doppler frequency prediction portion shown 
in Fig. 3: 

Fig. 5 is a block diagram of Doppler frequency pre- 
diction portions of this invention shown in Figs. 1 
and 3; and 

Fig. 6 is a graphical drawing for illustrating an oper- 
ation of the Doppler frequency prediction portion in 
Fig. 5. 

The same or corresponding elements or parts are 
designated with like references throughout the draw- 
ings. 

<FIRSTEMBODIMENT> 

Fig. 1 is a block diagram of a spread spectrum re- 
ceiving apparatus of a first embodiment. 

The spread spectrum receiving apparatus of the 
first embodiment comprises a receiving circuit 1 1 includ- 
ing an antenna 1 0 and an a/d converter 11 a for receiving 
a spread spectrum radio wave signal including spread 
spectrum data and a spread spectrum pilot signal and 
for converting the received spread spectrum radio wave 
signal into a base band signal sampled by the a/d con- 
verter 11a, a Doppler frequency prediction portion 104 
for predicting a Doppler frequency from the received pi- 
lot signal, a correlation detector 108 for providing a par- 
tial correlation result between the received pilot signal 
and generated PN code-for the pilot signal with a length 
of data of the correlation result to be detected varied, a 
PN code generator 103 for generating a PN code inde- 
pendently assigned to the receiving apparatus for the 
CDMA communication, a correlation detector 102 for 
detecting a correlation between the base band signal. 



particularly, the component of the data signal, a fading 
compensation portion 106 for compensating the detect- 
ed correlation of the data signal from the correlation de- 
tector 102 in accordance with the partial correlation re- 
5 suit from the correlation detector 108, and a detector 
1 07 for detecting the received data from an output of the 
fading compensation portion 106 and outputting the re- 
ceived data. 

The correlation detector 108 comprises a PN code 

^0 generator 1 01 for generating a PN code for the pilot sig- 
nal, a multiplier 100 for multiplying the base band signal 
by the PN code signal from the PN code generator 101 , 
particularly, a component of the pilot signal to output a 
correlation result of the pilot signal, and a correlation 

^5 length changing portion 1 05 for changing a length of da- 
ta of the correlation result to be detected to provide a 
partial correlation result of the pilot signal, in accordance 
with a Doppler frequency predicted. 

Fig. 2 is a block diagram of the correlation length 

20 changing portion 1 05 and the Doppler frequency predic- 
tion portion shown in Fig. 1 . 

The correlation length changing portion 105 com- 
prises a buffer 200 for storing the correlation result from 
the multiplier 100 every chip period by a data length of 

25 one cycle of the PN code for the pilot signal, a switch 
circuit 201 including a switch control circuit 201 a and 
switches 201-1 to 201 -N for selectively outputting re- 
spective data portions of the correlation result stored in 
the buffer 200 in accordance with the predicted Doppler 

30 frequency from the Doppler frequency prediction portion 
1 04, and an adder 202 for adding outputs of the switches 
201-1 to 201 -N and outputting a combined partial cor- 
relation result. 

Fig. 5 is a block diagram of the Doppler frequency 

3S prediction portion 104 of this invention shown in Fig. 1 
which is also used in a second embodiment mentioned 
later. Fig. 6 is a graphical drawing for illustrating an op- 
eration of the Doppler frequency prediction portion 
shown in Fig. 5. 

•^0 The Doppler frequency prediction portion 104 com- 
prises a PN code generator 601 for generating a PN 
code for the pilot signal, a correlation detector 600 for 
detecting a correlation between the PN code from the 
PN code generator 601 and the component of the pilot 

^5 signal in the base band signal, a buffer 602, and a 
number of times detector 603 for detecting the number 
of times that a variation of the correlation value crosses 
a center value of an electric power of the received 
spread spectrum radio wave signal for a predetermined 

50 interval and outputting the number of times as the pre- 
dicted Doppler frequency. The buffer 602 provides a 
buffering operation between the correlation detector 
600 and the number of times detector 603. 

An operation of the first embodiment will be de- 

55 scribed. 

The receiving circuit 11 receives the spread spec- 
trum radio wave signal through the antenna 1 0 and con- 
verts the received spread spectrum radio wave signal 
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into a base band signal sampled by the ad converter 
11a. The Doppler frequency prediction portion 104 pre- 
dicts the Doppler frequency from the received pilot sig- 
nal. However, it is also possible to predict the Doppler 
frequency from the data signal. 5 

The correlation detector 108 provides the partial 
correlation operation with a length of data of the corre- 
lation result to be detected varied. That is, the PN code 
generator 101 generates the PN code for the pilot signal 
in phase with the pilot signal. The multiplier 100 multi- io 
plies the base band signal by the generated PN code 
for the pilot signal, particularly, the component of the pi- 
lot signal to output the correlation result of the pilot sig- 
nal every chip period. The correlation length changing 
portion 105 outputs the partial correlation result of the '5 
pilot signal: as phase information, wherein the length of 
data of a portion of the correlation result to be outputted 
changed in accordance with the Doppler frequency pre- 
dicted. 

On the other hand, the correlation detector 102 de- 20 
tects the correlation between the base band signal, par- 
ticularly, the component of the data signal and the PN 
code, assigned to the spread spectrum radio wave sig- 
nal receiver in the base band signal using the PN code 
from the PN code generator 103 with the phase of the 2S 
PN code controlled. That is, the spread spectrum mod- 
ulated radio wave signal is inverse-spectrum-spread by 
the PN code from the PN code generator 103. The fad- 
ing compensation portion 106 compensates the detect- 
ed correlation from the correlation detector 102 in ac- 30 
cordance with the phase information from the correla- 
tion detector 108. That is. a distortion due to phase var- 
iation in the data signal by fading is compensated in ac- 
cordance with the phase information in the fading com- 
pensation portion 106. The detector 107 detects the re- 35 
ceived data from an output of the fading compensation 
portion 106 and outputs the received data. 

The buffer 200 receives and stores the correlation 
result from the multiplier 1 00 every chip period by a data 
length of one cycle of the PN code for the pilot signal. 40 
The switch circuit 201 selectively outputs respective da- 
ta portions 200-1 to 200-N of the correlation result stored 
in the buffer 200 in accordance with the predicted Dop- 
pler frequency from the Doppler frequency prediction 
portion 104. That is, switches 201 -a to 201 -N included ^5 
in the switch circuit 201 are respectively controlled by 
the switching control circuit 201a such that the data 
length of a portion of the correlation result is controlled 
in accordance with the detected Doppler frequency. 

When a variation in fading is fast, that is, the Dop- 50 
pier frequency is high, the length of the portion of the 
correlation result to be outputted is shortened to provide 
the phase information of the fading such that averaging 
the phase variation is prevented which would occur 
when the whole of the correlation result is outputted. On 55 
the other hand, the variation in fading is slow, that is, the 
Doppler frequency is low, the length of the portion of the 
correlation result to be outputted is elongated to provide 
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the phase information of the fading such that a noise in 
the phase variation is prevented which would generate 
when a short portion of the correlation result is output- 
ted. 

The PN code generator 601 of the Doppler frequen- 
cy prediction portion 104 generates the PN code for the 
pilot signal in phase with the pilot signal in the received 
radio wave signal. The correlation detector 600 detects 
the correlation between the PN code from the PN code 
generator 601 and the component of the pilot signal in 
the received signal. The buffer 602 provides the buffer- 
ing operation between the correlation detector 600 and 
the number of times detector 603 by cyclicly storing cor- 
relation values from the correlation detector 600. The 
number of times detector 603 detects the number of 
times 700 that the variation 702 of the correlation value 
crosses the center level 701 of an electric power of the 
received signal as a threshold level for the predeter- 
mined interval and outputs the number of times as the 
predicted Doppler frequency. The Doppler frequency 
may be predicted in other ways. For example, the Dop- 
pler frequency can be predicted by a speed of a vehicle 
and the frequency of the received radio wave signal if 
this apparatus is mounted on the vehicle. 

<SECOND EMBODtMENT> 

Fig. 3 is a block diagram of a spread spectrum re- 
ceiving apparatus of a second embodiment. 

The spread spectrum receiving apparatus of the 
second embodiment comprises a receiving circuit 1 1 in- 
cluding an antenna 10 and an a/d converter 11a for re- 
ceiving a spread spectrum radio wave signal including 
spread spectrum data and a spread spectrum pilot sig- 
nal and for converting the received spread spectrum ra- 
dio wave signal into a base band signal, a Doppler fre- 
quency prediction portion 304 for predicting a Doppler 
frequency from the base band signal, a correlation de- 
tector 308 for providing a partial correlation result with 
a length of data of the correlation result varied, a PN 
code generator 303 for generating a PN code independ- 
ently assigned to the receiver, a correlation detector 302 
for detecting a correlation between the base band sig- 
nal, particularly, the component of the data signal and 
the PN code for the data signal, a fading compensation 
portion 306 for compensating the detected correlation 
from the correlation detector 302 in accordance with the 
partial correlation result from the correlation detector 
308, and a detector 307 for detecting the received data 
from an output of the fading compensation portion 306 
and outputting the received data. 

The correlation detector 308 comprises a PN code 
generator 301 for generating a PN code for the pilot sig- 
nal, a multiplier 300 as correlation detector for detecting 
a correlation between the pilot signal component in the 
base band signal and the PN code signal for the pilot 
signal from the PN code generator 301 , and a filter cir- 
cuit 305 for filtering a correlation result from the corre- 
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lation detector 300 with a length of data of the correlation 
result changed by a weighting operation in accordance 
with the predicted Doppler frequency, 

Fig. 4 is a block diagrann of the filter 305 and the 
Doppler frequency prediction portion 304 shown in Fig. 
3. 

The filter 305 comprises a buffer 400 for storing the 
correlation result from the correlation detector 300 every 
chip period by a data length of one cycle of the PN code 
for the pilot sIgnaL a weighting circuit 401 including a 
coefficient generator 401a and nnultipliers 401-1 to 
401 -N for outputting respective data portions 400-1 to 

400- N of the correlation result stored in the buffer 400 
respectively weighted in accordance with the predicted 
Doppler frequency from the Doppler frequency predic- 
tion portion 304, and an adder 402 for adding outputs of 
the multipliers 401-1 to 401 -N and outputting the partial 
correlation result as the phase prediction result. 

The Doppler frequency prediction portion 304 has 
the same structure and operation as that of the first em- 
bodiment. 

The receiving circuit 11 receives a spread spectrum 
radio wave signal including spread spectrum data and 
a spread spectrum pilot signal and converts the received 
radio wave signal into a base band signal sampled by 
the a/d converter 1 1 a. The Doppler frequency prediction 
portion 304 predicts a Doppler frequency from the base 
band signal. The correlation detector 308 provides the 
partial correlation result with the length of data of the 
correlation result changed through the weighting oper- 
ation. That is, the coefficient generator 401a generates 
coefficients for multipliers 401-1 to 401 -N in accordance 
with the predicted Doppler frequency. The multipliers 

401- 1 to 401 -N outputs a partial correlation result. The 
adder 402 adds the output of the multipliers 401-1 to 
401 -N to provide a combined partial correlation result. 

The PN code generator 303 generates a PN code 
independently assigned to the receiving apparatus for 
the CDMA communication. The correlation detector 302 
detects the correlation between the base band signal, 
particularly, the component of the data signal and the 
PN code for the data signal to provide inverse-spectrum 
spreading. The fading compensation portion 306 com- 
pensates the detected correlation result from the corre- 
lation detector 302 in accordance with the combined 
partial correlation result from the correlation detector 
308. The detector 307 detects the received data from 
an output of the fading compensation portion 306 and 
outputs the received data. 

As mentioned above, according to the second em- 
bodiment, the Doppler frequency prediction portion 304 
for predicting the Doppler frequency, the filter circuit 305 
for providing a partial correlation result through weight- 
ing, and a fading compensation portion 306 for compen- 
sating the correlation result from the correlation detector 
302 are further provided, so that the pilot signal used for 
a demodulator is more accurately detected and a supe- 
rior receiving characteristic is provided. 
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In this embodiment, the Filter 305 is of FIR type fil- 
ter. However, it is also possible to use MR type filter. 



5 Claims 



1. A receiving apparatus comprising: 

a receiving circuit (11) including an antenna 
(10) for receiving a radio wave signal including 
a pilot signal and data signal respectively spec- 
trum-spread and converting the received radio 
wave signal into a base band signal; 
Doppler frequency prediction means (104) for 
predicting a Doppler frequency due to a fading 
to said radio wave signal from the base band 
signal; 

correlation detection means (100,101) includ- 
ing pilot signal PN code generation means 
(101) for detecting a correlation with respect to 
said pilot signal in said base band signal every 
data length of said pilot signal; 
correlation adjustment means for adjusting said 
detected correlation according to said Doppler 
frequency from said Doppler frequency predic- 
tion means; and 

demodulation means (106, 107) for demodulat- 
ing said base band signal to detect and output 
said data signal with a distortion of said data 
signal due to said fading compensated in ac- 
cordance with said portion of said detected cor- 
relation. 

2. Apparatus according to claim 1 , wherein said cor- 
relation adjustment means comprises; 

correlation length changing means (105) for 
outputting a portion of said detected correlation with 
a length of said portion of said detected correlation 
varied in accordance with said Doppler frequency 
from said Doppler frequency prediction means. 
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3. Apparatus according to claim 2, wherein said length 
of said portion of said detected correlation is rela- 
tively short when said Doppler frequency from said 
Doppler frequency prediction means is high and 
said length of said portion of said detected correla- 
tion is relatively long when said Doppler frequency 
from said Doppler frequency prediction means is 
low. 

4. Apparatus according to claim 1, wherein said cor- 
relation adjustment means comprises; 

filtering means for filtering said detected cor- 
relation by weighting said detected correlation in ac- 
cordance with said Doppler frequency from said 
Doppler frequency prediction means. 

5. Apparatus according to claim 3, wherein said de- 
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tected correlation is weighted in accordance with 
said Doppler frequency from said Doppler frequen- 
cy prediction means such that a length of said por- 
tion of said detected correlation is made short when 
said Doppler frequency from said Doppler frequen- 
cy prediction means is high and said length of said 
portion of said detected correlation is made relative- 
ly long when said Doppler frequency from said Dop- 
pler frequency prediction means is low. 

6. Apparatus according to claim 2, 3, 4 or 5, further 
comprising: 

second correlation detection means (102,103) 
including PN code generator ( 1 07) for detecting ^5 
a correlation between PN code included in the 
data signal and a PN code from said PN code 
generator; and wherein said demodulation 
means comprises: 

fading compensation means for compensating 
an output of said second correlation detection 
means in accordance with an output of said cor- 
relation length changing means; and 
detection means for detecting and outputting 
said data signal from an output of said fading 25 
compensation means. 
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